THE EARLY DOCUMENTATION of large-scale gravitationally oriented gradients of ventilation and blood flow in the upright human lung provided a mechanistic explanation for the modest extent of V A /Q heterogeneity revealed by gas exchange measurements (9). Subsequent animal studies comparing prone and supine spatial distributions of ventilation and perfusion revealed better matching of gradients and improved gas exchange in the prone position (1), although that observation was not reproducibly duplicated in human prone-supine gradient studies using PET or single-photon emission computed tomography for measurement of the spatial distribution of ventilation and blood flow. The current study by Henderson et al. (2) employs MRI imaging sequences to compare the spatial distribution of ventilation and perfusion in prone and supine postures in conscious humans. With these high-resolution measurements, gradients are demonstrated that are consistent with the finding of improved gas exchange in the prone position, although those postural differences in gradients are relatively small for the normal young subjects participating in this study.
THE EARLY DOCUMENTATION of large-scale gravitationally oriented gradients of ventilation and blood flow in the upright human lung provided a mechanistic explanation for the modest extent of V A /Q heterogeneity revealed by gas exchange measurements (9) . Subsequent animal studies comparing prone and supine spatial distributions of ventilation and perfusion revealed better matching of gradients and improved gas exchange in the prone position (1) , although that observation was not reproducibly duplicated in human prone-supine gradient studies using PET or single-photon emission computed tomography for measurement of the spatial distribution of ventilation and blood flow. The current study by Henderson et al. (2) employs MRI imaging sequences to compare the spatial distribution of ventilation and perfusion in prone and supine postures in conscious humans. With these high-resolution measurements, gradients are demonstrated that are consistent with the finding of improved gas exchange in the prone position, although those postural differences in gradients are relatively small for the normal young subjects participating in this study.
What makes the current paper important is not so much the resolution of a modest discrepancy among studies of pulmonary ventilation and perfusion gradients, but rather as a demonstration of a new high-resolution tool for the investigation of human pulmonary gas exchange. The authors employ a new MRI method providing high-resolution measurements representing quantitative alveolar ventilation (7) that can be paired with their established MRI method for measurement of regional perfusion (4). This study demonstrates that multiple measurements can be acquired in different positions with comparable registration, allowing measurement of ventilation and blood flow in specified lung regions at a new level of resolution.
The specific ventilation index measurement (SVI) reflecting alveolar ventilation developed by Sá et al. (7) utilizes changes in the MRI signal from oxygen dissolved in lung tissue during the washin and washout of 100% oxygen. Beyond the improved resolution, the advantage of this method compared with imaging measurements of ventilation utilizing washout of radioactive or radio-dense gases is that the MRI signal reflects the equilibration of fresh gas dissolved in alveolar tissue rather than the concentration of gas-phase oxygen. Because of this feature, gas dissolved in conducting airways represents only a trivial signal relative to alveolar tissue. Although this study used averaged 1-cm slices to describe the larger scale gradients of ventilation and blood flow, the resolution attainable for those two measurements is likely appreciably higher, with voxel sizes of 40 mm 3 compared with a mean human acinar size at functional residual capacity (FRC) in the range of 200 mm 3 . However, the SVI measurement requires multiple images for a region of interest, so that minor registration shifts between images will add method noise, and the SVI measurement itself is then multiplied by a second measurement of fractional lung density to obtain regional ventilation. As values for V A /Q ratio divide one measurement into the other, the resolution will be degraded further, so that smoothing data to a 1.8-cm 3 volume may be appropriate at least for representation of V A /Q distribution. Better characterization of both signal noise and temporal variability for these measurements of ventilation and perfusion will be important for future studies of lung diseases, where tissue abnormalities are patchy and finely divided. In sum, combining the two MRI imaging protocols offers two important advances to the imaging study of human lung function: first, it enables repeated measurements of both ventilation and blood flow at a high level of spatial resolution, and second, it provides quantitative measurements of both alveolar ventilation and alveolar perfusion.
The most obvious limitation of the experimental approach described by Henderson et al. (2) is that only a relatively small fraction of the lung can be imaged at one time, so that larger-scale events such as the cascading development of airway blockade in asthma revealed by PET (8) would more difficult to characterize. In addition, a modest spatial bias of the ventilation measurement described here arises because ventilation is calculated as the product of the voxel SVI and the fractional gas volume of the voxel at FRC. The inherent assumption is that the FRC alveolar gas volume in a given region of lung will be a fixed fraction of the gas volume at end inspiration. However, not only will dependent voxels have a higher SVI because of the "slinky effect" (4) but the tissue from a dependent FRC voxel will also contribute relatively more to the mixed alveolar gas compared with the tissue from a nondependent voxel. That latter assumption will be most problematic for measurements on an upright lung, but the ventilation to dependent portions of the supine lung in this study could also be modestly underestimated. Ventilation measurements taken during an end-inspiratory hold would bypass this bias, but maintaining a consistent end-inspiratory volume would be challenging.
Efficient gas exchange in the lung requires a distribution of V A /Q units that is both narrow and unimodal and so the recognition of substantial resolution-dependent heterogeneity of both regional blood flow and regional ventilation in the normal lung (3) mandates a very strong correlation between local ventilation and blood flow, an insight concisely described mathematically by Wilson and Beck (10) . A challenge for future investigation is to understand the mechanism(s) underlying that tight correlation between ventilation and blood flow. Is it an anatomic relationship molded during lung growth and development, and/or does it reflect active local coordinated adjustments of ventilation and blood flow (6)? These advances in physiological imaging provide a pathway to investigate these issues in both intact animals and humans.
The high-resolution measurements employed in this study can demonstrate the exceptional extent of scale-dependent heterogeneity of both blood flow and ventilation in the normal human lung. However, these methodological advances do not represent the end of challenges for imaging the physiology of the lung. Ever higher resolution alone is not sufficient, as ventilation-perfusion matching takes place in anatomic units, not voxels. All imaging studies of lung function published to date have partitioned measurements by voxels rather than by the anatomical subdivisions of lobes, secondary lobules, and acini. The study of mechanisms determining the matching of ventilation and blood flow will require both high resolution and additional advances in image processing to separate the lung into its anatomically defined functional units. That goal will be important for investigation of the local mechanisms that maintain (or attempt to maintain) the match of ventilation and blood flow within small anatomic units in hoped-for future human gas exchange studies of lung aging and lung disease (5).
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